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PROBLEM 

A  review  of  the  human  performance  effects  of  Impact  acceleration  was  conducted 
as  part  of  an  effort  to  assemble  an  experimental  test  battery.  Tasks  were 
designated  for  Inclusion  only  If  suitable  for  repeated  measures  applications 
and  sensitive  to  closed-head  Impact  acceleration. 

FINDINGS 

Two  human  performance  tasks  which  met  these  criteria  were  identified  after 
separate  reviews  of  experimental  and  clinical  research.  In  addition,  three 
tasks  sensitive  to  impact  effects  and  potentially  suitable  for  repeated 
measures  applications  were  also  Identified.  A  third  category  of  tasks  which 
are  suitable  for  repeated  measures  research  but  have  not  yet  been  shown  to  be 
sensitive  to  impact  acceleration  have  been  Identified  in  other  reports  from 
this  laboratory,  but  are  beyond  the  scope  of  the  present  study. 

RECOMMENDATIONS 

Short-Term  Consonant  Memory,  Adaptive  Serial  Addition,  and  Adaptive 
Visuospatial  Judgement  tasks  were  determined  to  be  sensitive  candidate 
measures  with  potential  for  repeated  measures  applications  and  were 
recommended  for  development.  Choice  Reaction  Time  (CRT)  and  Manikin  Spatial 
Orientation  Tasks  were  recommended  for  inclusion  in  an  impact  acceleration 
test  battery  for  current  applications. 


Trade  names  of  materials  of  products  of  commercial  or  non-government 
organizations  are  cited  where  essential  for  precision  In  describing  research 
procedures  or  evaluation  of  results.  Their  use  does  not  constitute  official 
endorsement  or  approval  of  the  use  of  such  commercial  hardware  or  software. 
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INTRODUCTION 

Closed-head  impact  acceleration  which  may  occur  under  a  variety  of  escape 
and  survival  situations  can  result  in  stunning,  confusion,  and  performance 
decrements  (Benton,  1979;  Ewing,  1982;  Snyder,  1970;  Taylor,  1963).  Vehicle 
crashes,  aircraft  ejection,  parachute  opening,  and  blast  shock-waves  are 
well-known  sources  of  abrupt  onset,  short  duration  (<1.0s),  high  magnitude 
impact  forces  (Synder,  1973;  Reid,  Doerr,  Dashier,  A  Ellerston  1971).  Escape 
and  survival  may,  because  of  impact -related  performance  disruptions,  be 
severely  compromised  as  pointed  out  in  1964.  by  Ewing  (cf.,  Ewing  & 
Unterharnscheidt,  1976;  Reader,  1979;  Unterharnscheidt,  1983).  Recent 
evidence  suggests  that  even  minor  closed-head  injuries  may  result  in 
persistent  performance  decrements  (Rimel,  Giordani,  Barth,  Boll,  A  Jane, 

1981).  Human  performance  disruptions  caused  by  impact  acceleration  are  the 
focus  of  the  present  investigation. 

Background 

The  present  study  is  part  of  a  major  research  program  at  the  Naval 
Biodynamics  Laboratory  (NBDL)  directed  at  investigating  the  biomechanical, 
physiological,  and  behavioral  effects  of  impact  of  the  head  and  neck  (Ewing  * 
Thomas,  1971,  1972;  Ewing,  Thomas,  Sances,  A  Larson,  1983).  In  contrast  to 
di rect  impact  acceleration  such  as  collision  of  the  head  with  other  objects, 
indirect  impact  acceleration  is  the  primary  focus  of  this  program.  Indirect 
impact  acceleration  is  that  which  is  transmitted  between  two  parts  of  a  body 
via  a  link  (e.g.,  from  the  torso  to  the  head  via  the  neck).  The  ultimate  goal 
of  this  research  is  the  development  of  mathematical  and  engineering  models 
which  predict  injuries  of  the  head  and  neck.  It  is  believed  that  such 
predictions  would  provide  guidance  toward  reduction  of  the  more  than  eight 
million  head  and  neck  injuries  expected  annually  in  the  United  States 
(National  Safety  Council,  1979;  Rimel,  et  al.,  1981;  Sances,  Weber,  Larson,  et 
al.,  1981). 

Part  of  the  NBDL  modeling  effort  involves  the  use  of  transient  evoked 
potential  (EP)  disruptions  as  predictors  of  impending  central  nervous  system 
damage  in  Rhesus  (Saltzberg  A  Burton,  1979;  Berger  A  Weiss,  1983;  Weiss  A 
Berger,  1982).  Specifically,  significant  transient  increases  in  the  peak 
latency  of  cervical  and  cortical  somatosensory  evoked  potentials  (SSEPs) 
occurred  with  sled  accelerations  above  600  m/s2,  while  gross  neuropathological 
damage  occurred  at  levels  of  acceleration  exceeding  720  m/s2 
(Unterharnscheidt,  1983).  Transient  reduction  in  the  amplitude  of  the 
cortical  SSEPs  occurred  as  a  linear  function  of  the  level  of  frontal  Impact 
(-X)  acceleration  with  50%  to  100%  reduction  at  accelerations  above  600  m/s2. 
Preliminary  results  in  humans  also  indicate  linearly  Increasing  changes  In 
short  latency  SSEPs  over  -X  accelerations  between  50  and  150  m/s2  (Seales, 
Bittner,  Weiss,  &  Morrill,  1982).  The  parallel  between  Rhesus  and  human  EP 
results  suggests  that  they  could  be  used  for  predicting  levels  of  Impact 
acceleration  which  occasion  human  neuropathological  damage.  A  second  part  of 
the  NBDL  research  effort  is  aimed  at  determination  of  performance  disruptions 
which,  in  addition  to  Implications  for  compromised  escape  and  survival,  may  be 
used  for  prediction  of  Impact  levels  which  occasion  neuropathological  damage. 
Prediction  of  human  performance  disruptions  and  injuries  is  a  goal  of  the 
research  program  at  NBDL. 
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Purpose 

The  primary  goal  of  this  study  was  to  Identify  candidate  tasks  which  have 
been  demonstrated  to  be  sensitive  to  impact  acceleration  effects  on  human 
performance.  A  secondary  goal  was  to  select  from  the  sensitive  tasks,  those 
tasks  which  might  also  be  expected  to  be  statistically  suitable  for  repeated 
measures  applications.  A  third  category  of  tasks  which  are  suitable  for 
repeated  measures  research  but  have  not  yet  been  shown  to  be  sensitive  to 
impact  acceleration  have  been  identified  in  other  reports  from  this 
laboratory,  but  are  beyond  the  scope  of  the  present  study  (Bittner,  Carter, 
Kennedy,  Harbeson,  A  Krause  1983;  Kennedy,  Bittner,  Carter,  Krause,  Harbeson, 
McCafferty,  Pepper,  A  Wiker,  1981;  Harbeson,  Bittner,  Kennedy,  Carter,  A 
Krause,  1983).  Overall,  the  purpose  of  this  study  was  to  assemble  a 
preliminary  battery  of  impact  sensitive  human  performance  tasks  for  use  in  an 
experimental  indirect  impact  acceleration  program. 

METHOD  AND  RESULTS 

Selection  of  performance  tasks  was  conducted  in  two  phases.  Candidate 
experimental  and  clinical  tasks  were  identified  in  the  first  phase  and  task 
selection  was  conducted  in  the  second.  These  two  phases  will  be  taken  up  in 
turn. 

Identification  of  Candidate  Tasks 

The  strategy  in  this  phase  was  to  collect  the  experimental  and  clinical 
information  most  relevant  to  impact  acceleration  effects  upon  human 
performance.  The  experimental  literature  relating  performance  and  impact 
acceleration  was  viewed  as  of  greatest  relevance.  However,  the  paucity  of 
such  literature  suggested  overviewing  the  clinical  literature  where 
undifferentiated  mixes  of  direct  and  indirect  impact  are  the  rule.  Excluded 
from  consideration  were  sustained  acceleration  studies  which  largely  reflect 
the  effects  of  slow  displacement  of  blood  away  from  the  head  (Gillingham  A 
McNaughton,  1977).  The  effects  of  direct  and  indirect  impact  would  be 
expected  to  differ  from  sustained  acceleration  because  of  their  higher  rates 
of  onset,  briefer  duration,  and  higher  peak  accelerations  (Unterharnscheidt, 
1983).  Also  excluded  were  reports  of  concussion  related  physiological  changes 
which  resulted  as  part  of  experimental  studies  such  as  those  reviewed  in 
Snyder  (1970,  1973).  Lastly,  excluded  were  clinical  reports  of  the  effect  of 
closed  head  injuries  on  personal  or  social  functioning  which  were  beyond  the 
scope  of  the  present  experimental  program  (e.g.,  Benton,  1979;  Levin  A 
Grossman,  1978;  Rimel  et  al.,  1981).  Only  clinical  findings  relating  to 
closed-head  Impact  injuries  were  included  in  the  review.  It  was  noted, 
however,  that  there  were  possible  relationships  between  impact  and 
electroconvulsive  shock  effects  (Govens,  Govens,  Van  Huss,  A  Heunser,  1972). 
The  search  strategy  was  designed  to  focus  on  only  the  most  directly  pertinent 
experimental  and  clinical  research. 

Experimental  and  clinical  Information  searches  were  conducted  in  two 
stages.  In  the  first  stage,  personnel  currently  or  previously  active  In 
experimental  impact  Investigations  (at  this  and  other  laboratories)  were 
queried;  this  strategy  Identified  both  a  network  of  researchers  and  several 
Important  resources  (e.g.,  Snyder,  1970,  1973;  Reader,  1975,  1979).  The 
second  stage  utilized  manual  and  computer  searches  of  literature  bases: 


Impact  Acceleration  and  Human  Performance 
3 


PSYCHINFO;  National  Technical  Information  Service  (NTIS);  and  the  Social 
Science  Citation  Index  (SSCI).  The  manual  and  computer  based  literature 
searches,  while  identifying  clinical  resources,  uncovered  no  experimental 
research  which  had  not  been  revealed  by  personal  communication. 

Following  the  literature  search,  selected  extracts  of  experimental  and 
clinical  reports  were  prepared  in  tabular  format.  The  format  for  the 
experimental  reports  emphasized  experimental  features  including:  impact 
forces,  tasks,  results,  and  comments.  Clinical  studies  collected  as  part  of 
the  overview  were  placed  into  seven  functional  categories  ranging  from 
Visuospatial  Judgment  to  Verbal  Associative  Fluency.  Tasks  in  each  functional 
category  were  described  with  results  indicating  their  sensitivities.  Clinical 
tasks  were  selected  as  representative  of  the  respective  functional  areas,  and 
were  largely  drawn  from  a  list  of  recommended  tasks  (Benton,  1979,  1982). 
Tables  1  and  2  present  summaries  of  the  prospective  experimental  and  clinical 
tasks  considered  in  subsequent  analyses. 

Selection  of  Tasks 

The  primary  goal  of  this  phase  was  to  identify  sensitive  candidate  tasks 
suitable  for  repeated  measures  applications  in  an  experimental  impact  program. 
Pertinently,  only  sensitive  tasks  suitable  for  repeated  measures  may  be 
meaningfully  used  for  long  term  follow  up  and  other  (e.g.,  rehabilitation) 
studies  (Bittner,  Lundy,  Kennedy  &  Harbeson,  1982;  Carter,  Stone  &  Bittner, 
1982).  Candidate  tasks  were  identified  as  suitable  when  literature  indicated 
that  analogous  or  isomorphic  tasks  had  previously  been  found  to  have  met 
appropriate  statistical  criteria.  In  general,  the  statistical  characteristics 
considered  necessary  were:  (1)  the  means  change  in  a  linear  manner  or  are 
level  over  trials;  (2)  variances  are  homogeneous  over  trials;  (3)  cross-trial 
correlations  are  differentially  stable  (constant);  and  (4)  reliability  is  at 
an  acceptably  high  level  (Bittner  A  Carter,  1981).  It  is  noteworthy  that  more 
than  six  dozen  tasks  have  been  evaluated  in  terms  of  these  criteria  as  part 
of  the  Performance  Evaluation  Tests  for  Environmental  Research  (PETER)  Program 
(Bittner,  et  al . ,  1983;  Kennedy,  et  al.,  1981;  Harbeson,  et  al . ,  1983). 
Approximately  one  third  of  these  tasks  were  found  to  be  suitable  for  repeated 
measures  testing,  but  only  those  which  had  also  been  shown  to  be  sensitive  to 
closed-head  impact  injury  were  considered  in  this  report.  Experimental  and 
clinical  tasks  were  evaluated  sequentially  for  sensitivity  and  suitability  for 
repeated  measures. 

Experimental  Tasks.  Table  1  contains  the  only  two  tasks  which  have  been 
found  experimentally  sensitive  and  suitable  for  repeated  measures 
applications.  The  first  of  these  was  Choice  Reaction  Time  (CRT)  which 
constisted  of  1-,  2-,  and  4-choice  subtasks.  Individual  subtasks  might  be 
expected  to  become  stable  after  about  300  trials,  as  the  three  subtasks  in 
combination  were  found  suitable  after  1000  practice  trials  by  Krause  and 
Bittner  (1982).  It  is  important  to  note  that  CRT  requires  subjects  to  respond 
differentially  to  two  or  more  stimuli  and  might  be  expected  to  be  similar  to 
the  task  reported  by  Frolov  (1966).  CRT  yields  two  scores  related  to 
differing  parts  of  the  task:  Reaction  Time  (RT)  and  Movement  Time  (MT).  The 
former,  RT  is  considered  most  related  to  central  processing  while  the  latter, 
MT  measures  the  time  for  manual  movement  and  response.  Either  of  these 
components  may  be  disrupted  by  Impact  acceleration.  Pertinently, 
Unterharnscheldt  (1983)  presents  neuropathologi cal  results  which  suggest  that 
manual  responses  may  be  particularly  disrupted  for  -X  impacts;  this  suggests 
p«(ying  particular  attention  to  the  MT  component.  In  addition  to  other 
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positive  features,  CRT  appears  very  similar  in  structure  to  the  target  choice 
component  of  the  Reader  (1975,  1979)  tracking  task.  Overall,  the  experimental 
and  associated  literature  support  the  use  of  CRT. 

The  Manikin  task  is  the  second  experimental  task  which  has  been  described 
as  stable  over  repeated  measures  (Reader,  Benel ,  A  Rahe,  1981;  Carter  A 
Woldstad,  1983  ).  This  task  requires  subjects  to  identify  which  hand  of  a 
pictured,  rotated  human  figure  contains  a  target  symbol;  it  has  been  reported 
as  a  measure  of  mental  rotation  or  spatial  orientation.  Spatial  orientation 
is  the  ability  to  perceive  spatial  patterns  or  to  maintain  orientation  with 
respect  to  objects  in  space  (Ekstrom,  French,  Harman,  A  Denman,  1976). 
Recently,  Carter  and  Woldstad  (1983)  have  reported  that  transformed  (log.) 
latency  scores  on  the  Manikin  test  were  suitable  after  approximately  180 
trials  of  practice.  Thus,  CRT  and  Manikin  both  appear  suitable  experimental 
tasks  for  selection  to  an  impact  acceleration  test  battery. 

Clinical  Tasks.  Table  2  contains  one  task  demonstrated  as  suitable  for 
repeated  measures  and  shown  sensitive  in  clinical  research:  Choice  Reaction 
Time  (CRT).  CRT  was  also  identified  in  the  analysis  of  experimental  tasks  as 
described  in  the  last  section.  Table  2  also  delineates  several  functional 
measures  which  appear  easily  adaptable  for  repeated  measures  applications 
(e.g.,  Visuospatial  Processing).  Unfortunately,  these  tasks  are  not  analogous 
to  measures  previously  found  stable  and  currently  may  not  be  selected  under 
the  guidelines  of  this  study.  These  tasks  could,  however,  be  recommended 
subsequent  to  demonstration  of  their  suitability  for  repeated  measures 
applications.  In  addition  to  tasks  with  potential.  Table  2  outlines  several 
functions  which  would  appear  very  difficult  to  reformulate  for  repeated 
measures  applications  (viz.,  Visuoperceptive  Abilities,  Verbal  Associative 
Fluency,  and  Vi suo constructive  Abilities).  Table  2  does  not  include  the 
assessment  of  two  functional  areas.  Immediate  and  Remote  Memory.  Benton 
(1979)  noted  equivocal  results  for  the  former,  and  the  latter  had  been 
investigated  in  only  one  study  (Levin,  Grossman,  A  Kelly,  1977a).  CRT 
is  the  only  clinical  measure  which  currently  meets  the  criteria  for  selection 
to  a  test  battery  although  several  others  have  potential.* 

DISCUSSION  AND  CONCLUSIONS 

This  investigation  was  motivated  by  the  requirement  for  assembling  a 
battery  of  tasks  sensitive  to  the  performance  effects  of  impact  acceleration. 
Evaluation  of  experimental  and  clinical  Information  related  to  impact  effects 
revealed  two  measures  which  were  both  sensitive  and  suitable  for  reoeated 
measures:  Choice  Reaction  Time  (CRT)  and  Manikin.  Several  other  functional 
tasks  were  also  identified  from  the  clinical  literature  as  having  potential 
for  development  as  repeated  measures  instruments,  but  would  require 
demonstrations  of  statistical  suitability  before  they  might  be  included.  The 
following  sections  will  briefly  consider  tasks  suitable  for  development  and 
provide  recommendations  and  conclusions. 

♦Since  the  completion  of  the  present  study.  Carter,  Styer,  and  Curley  (1983) 
have  reported  the  development  of  a  word  fluency  task  which  is  suitable  for 
limited  repeated  measures  applications.  The  utility  of  their  results  is  under 
study  because  of  clinical  sensitivities  shown  by  measures  of  Verbal 
Associative  Fluency  (e.g..  Levin,  Grossman,  A  Kelly,  1976a). 
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Tasks  Suitable  for  Development 

Three  tasks  appear  suitable  for  repeated  measures  development.  In  order 
of  judged  promise,  these  represent  functions  of  (1)  Short-Term  Recognition 
Memory,  (2)  Serial  Information  Processing,  and  (3)  Visuospatial  Judgement.  A 
Short-Term  Recognition  Memory  task  is  currently  being  developed  at  NBDL.  This 
task  begins  by  displaying  ten  consonants  to  a  subject  at  a  fixed  rate  under 
computer  control.  Subsequent  to  an  intervention,  twenty  consonants  are 
presented,  and  the  subject  is  asked  to  indicate  whether  each  letter  has  or  has 
not  been  previously  displayed.  Evaluation  of  this  task  for  suitability  for 
repeated  measures  is  later  planned  using  the  approach  outlined  by  Bittner  and 
Carter  (1981).  A  Serial  Addition  task,  as  outlined,  in  Table  2,  appears 
potentially  implementable  as  a  repeated  measures  task.  Based  on  the  pacing 
effects  reported  by  Gronwal 1  (1977),  a  computer  controlled  adaptive  paced  task 
would  appear  to  have  great  promise  (Benton,  1982).  The  Visuospatial  Judgement 
function  also  appears  suitable  for  repeated  measures  assessment  with  the 
adaption  Benton's  (1975,  1978)  Angle  Judgement  task.  As  indicated  in  Table  2, 
an  adaptive  presentation  speed  would  provide  a  more  sensitive  measure  of 
efficiency.  Computer  controlled  versions  of  the  Visuospatial  Judgement  task 
and  the  paced  Serial  Addition  task  appear  to  have  substantial  potential  for 
development.  Altogether,  computer  controlled  versions  of  Short  Term  Consonant 
Memory,  Adaptive  Serial  Addition,  and  Adaptive  Visuospatial  Judgement  appear 
to  hold  promise  as  performance  tasks  for  impact  acceleration  research. 

Recommendations  and  Conclusions 

It  is  recommended  that  Short-Term  Consonant  Memory,  Adaptive  Serial 
Addition,  and  Adaptive  Visuospatial  Judgement  tasks  be  developed  and  evaluated 
as  potential  tasks  for  assessment  of  the  effects  of  impact  acceleration  on 
performance.  For  current  applications,  it  is  concluded  that  the  Choice 
Reaction  Time  (CRT)  and  Manikin  Spatial  Orientation  Tasks  should  be  included 
in  a  preliminary  battery  to  assess  the  effects  of  impact  acceleration  on  human 
performance. 
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